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hy are acorns seemingly linked to outbreaks of Lyme disease? In fact, that's exactly the case: When oak trees abundantly produce acorns, more deer, which feed on the nuts, frequent the area. More deer mean more deer ticks. And more ticks translate to an increasing likelihood of Lyme disease. Scientists now believe that by determining the amount of acorns produced in a given year, they will be able to predict Lyme disease outbreaks two years later.
Rita Colwell, director of the National Science Foundation (NSF), discussed this case in her opening plenary session talk ("World Enough, and Time: A Global Investment for the Environment") at AIBS's 2001 annual meeting. The example illustrates that Earth is a living, ever-changing planet with interconnecting threads everywhere, said Colwell. Complexity is a defining part of these threads. All levels of biological organization, from molecules to cells to organisms to ecosystems, exhibit properties that are more than the sum of their parts. Understanding how complex systems emerge from the interaction of biological entities at all levels and with the external environment-the theme of this year's AIBS annual meeting-is critical to ecosystem functioning, Colwell believes.
Biocomplexity is the defining property of all ecosystems, the thread connecting the many complex systems that are structured or influenced by living organisms, their components, or biological processes. "The area of biocomplexity that will come to the forefront in the next few years," said Colwell, "is that of interactions of living organisms with all facets of their external environment. In particular, research on interactions involving multiple levels of biological organization and/or multiple spatial (microns to thousands of kilometers) and temporal (nanoseconds to eons) scales will be of great importance."
Because it is often nonlinear in nature, biocomplexity is difficult to describe and study experimentally. New opportunities for research are nevertheless rapidly emerging, as evidenced by the plenary speakers' presentations at the conference. Although scientists typically study biological phenomena at one or perhaps two levels of resolution, understanding biological complexity requires the development of new paradigms that cross temporal, spatial, and conceptual boundaries. "Fortunately," said Colwell, "our ability to study biocomplexity has been advanced by the advent of powerful new technologies: genome sequencing and DNA chips, advanced computational analysis, nanotechnology, new biosensors and ecological monitoring devices, and satellite-based imaging of land and sea."
It's difficult to explain the value, Colwell believes,"of preserving biodiversity, habitats, and ecosystems when the scientific information available is incomplete or data are inconsistent from region to region and site to site, a shortcoming of traditional approaches to research." With the analytical tools now available, environmental and organismal parameters can be studied in a broadly based, systematic manner.
A systems approach is the keystone to biocomplexity studies; all plenary speakers echoed this thought in their talks. Although the individual scientist or a relatively small team of scientists working on a specific environmental problem is vital to knowledge gathering in the biological and environmental sciences, large, horizontally and vertically integrated From Biodiversity to Biocomplexity: A Multidisciplinary
Step toward Understanding Our Environment Feature teams are needed to tackle broad-based problems. These teams, spread through various scientific areas-not just biological specialties but fields such as hydrology, geology, geochemistry, oceanography, paleontology, meteorology, physics, systems engineering, economics, mathematics, and computer science-are beginning to carry out studies that range from the submolecular to worldwide climate phenomena. In this era of rapid advances in science and engineering, said virtually all plenary speakers and participants in panel sessions, new paradigms for understanding biocomplexity will require integration of existing information into a common lexicon and acquisition of new knowledge about structure, function, and resiliency of biological systems at all levels.
The challenges are varied and intricate for researchers, educational institutions, and funding agencies, said Colwell. Yet knowledge provided to decisionmakers will be a major product of this work-a product with the potential to provide better solutions to existing and future societal problems.
For answers, look to the seas
Addressing societal problems was a central theme of Oregon State University biologist and National Science Board member Jane Lubchenco's plenary session address: "Seas the Day: New Scientific Knowledge about Oceans." Serious global challenges are facing humanity, Lubchenco said, and "our current trajectory is unsustainable. We can go along, and go along, and go along and not see any change and then-zap!-the Soviet Union falls apart, the Berlin Wall comes down. So the fact that these challenges are formidable, that there are indeed long time lags, that we don't know exactly how to address all these challenges doesn't mean there isn't room for hope."
Lubchenco told a story of her own childhood participation in a Girl Scout outing in the Colorado mountains. "It was so far to get to the top of that first peak," she remembered, "but our counselor kept us all going with the words: 'Look back downhill, and see how far you have come already. Take a rest, then push on.' " Lubchenco asked biologists attending the conference to do exactly that.
"A decade ago, no one knew the term biodiversity," she stated. "Now biodiversity is moving into a still-broader context, into biocomplexity." As an example, Lubchenco spoke of a statement released in February 2001 by the National Center for Ecological Analysis and Synthesis in Santa Barbara, California, and signed by some 150 marine scientists. The document declares that there is compelling evidence that marine reserves-rather than marine protected areas or marine sanctuaries-conserve both biodiversity and fisheries. "The declining state of the oceans and the collapse of many fisheries create a critical need for more effective management of marine biodiversity, populations of exploited species, and the overall health of the oceans," said Lubchenco. "Fully protected marine reserves are now viewed by many scientists as a key tool to help reverse widespread overfishing and habitat disturbance. Yet because they are perceived to be taking away from already-dwindling fisheries resources, they are often resisted."
The tale of New Zealand's spiny lobster, of which Lubchenco spoke, serves as a testament to recent research results on marine reserves: "Lobster-fishers fish along the very perimeter of a marine reserve set up to protect spiny lobsters off New Zealand, because there have been increases in biomass in this reserve of some 5 to 11 percent per year. This profusion is spilling over into adjacent areas, and the fishers are well aware of it." Sustainability science is in its infancy, said Lubchenco, but looking at how far we have come over the past decade should give us hope for what's ahead in the next decade.
The four dimensions of life
Biologist Jim Brown of the University of New Mexico continued Lubchenco's thoughts in his plenary talk on "The Scale of Life: Body Size, Organisms, Function, and Biodiversity." All species cleave to the same relationships, Brown stated, which is useful information for fisheries and forestry management, environmental toxicology, bioremediation, and human ecology. "For example, in studying plant size and ecosystem productivity, Jane Lubchenco, Oregon State University biologist and National Science Board member.
AIBS President Judy Weis of Rutgers University and Alan Covich of Colorado State University (immediate past-president of AIBS) presided over the highly successful 51st annual meeting of the American Institute of Biological Sciences.
the productivity of an ecosystem is independent of the size of the dominant plants. Rather, organisms are exploiting fractal-like geometry. What this does is enable organisms to maximize the surfaces and the scaling of surfaces over which they exchange substances with the environment, and also to maximize the efficiency with which they distribute resources in the body through branching networks." Organisms therefore have a unique geometry of space, said Brown, which effectively is in four directions.
Biodiversity, biocomplexity, and complex adaptive systems
In his plenary presentation, entitled "Ecosystems and the Biosphere as Complex Adaptive Systems," Simon Levin of Princeton University asked questions central to biocomplexity studies:"How do we quantify biodiversity? How do we capture it? Do we simply list all the species? Do we take into account the genetic diversity of species? Do we lump species into functional groups? There's no easy answer to these questions." How do biologists scale up from the level of an individual plant to the level of global processes?
The answer, Levin believes, lies in understanding the biosphere as a complex adaptive system whose essential structure has emerged "in large part from adaptive changes that were mediated at local levels rather than at the level of the whole system. Humanity must therefore try to understand those changes, the forces that have shaped them, and the consequences at the larger level, then put that knowledge to work for effecting changes that will preserve critical ecosystem services." Levin presented, as did virtually all plenary speakers, a working definition of biocomplexity, a way of thinking about biodiversity that effectively broadens it to biocomplexity.
Gulf of no return?
Biodiversity and biocomplexity are in serious trouble in a place called "the dead zone," an area of the northern Gulf of Mexico where billions of creatures have suffocated from lack of oxygen over the course of many summers. Plenary speaker Nancy Rabalais of the Louisiana University Marine Consortium talked about "Continental-scale Nonpoint Pollution and Water Quality in the Gulf of Mexico," and addressed the status of this dead zone.
The zone forms each spring when nitrogen dumped into the Gulf of Mexico by the Mississippi River triggers a chain reaction. It has long been known that excess nitrogen in a marine system stimulates primary production. Rabalais clearly defined the linkages between increases in nitrate in the Mississippi River, stepped-up carbon production and accumulation on the Gulf of Mexico shelf adjacent to the Mississippi, and worsening anoxia (low oxygen conditions) there over the last half of the 20th century.
The size of the dead zone has expanded since the early 1990s. Over the past 5 years, it has averaged about 5,454 square miles; in some years, it has grown to more than 7,700 square miles, Rabalais reported. "When we're out there taking samples from our boat," recalled Rabalais, "and we see the Mississippi, the muddy Mississippi River, flowing into the Gulf of Mexico, we have to remember that each one of those little particles is going somewhere and doing something. And even the particles that we can't see are going somewhere and doing something. Nitrogen, in its own way, gets back up into the watershed. So the watershed is linked with the coastal system and the coastal system is dramatically linked with the watershed as well." It's an understanding of how biocomplexity works in the Mississippi River-Gulf of Mexico system that is currently missing, maintained Rabalais, a comprehension that's needed on a worldwide scale, because "nutrient pollution is one of the largest global coastal problems we face today."
California salt marshes: Biodiversity sustains biocomplexity
Scientist Joy Zedler of the University of Wisconsin-Madison said in her plenary talk, "Adaptive Restoration: Biodiversity Experimentation Improves both the Science and Practice of Restoration," that when "biodiversity was declining before our eyes, it took regional censuses to recognize the problem, long-term monitoring to identify the causes, and experimental plantings to show why species loss matters and which restoration strategies might reestablish species." Alarmed by declining biodiversity, many conservationists and researchers are asking what happens to ecosystem functioning if we lose species, how diverse communities can be restored, which (if any) particular species are critical for performing ecosystem services, and which functions are most critical to ecosystem sustainability. In southern California, reported Zedler, some 90 percent of coastal wetlands have been destroyed and remaining wetlands continue to be damaged; even the region's protected reserves are threatened by highway and utilityexpansion projects. "The fate of biodiversity in these diminished wetlands serves to warn other regions of the need for continual assessment of the status and function of both common and rare species, and the need for experimental tests of their importance-before they are lost," said Zedler. In her studies of California salt marshes, Zedler discovered that "once lost, diversity might not be easily restored, due to changes in the environment or disruption of critical species interactions." Biocomplexity, it turns out, sustains biodiversity.
Without water, no biodiversity, no biocomplexity, no life itself
Plenary speaker Sandra Postel of the Global Water Policy Project noted that sustaining life requires water, fresh water has no substitutes, fresh water is renewable but finite, and renewable fresh water is not distributed evenly in time or space. Her presentation, "Human Impacts on Earth's Fresh Water: Scale, Consequences, and a Call to Action," was indeed a wake-up call: "One of the biggest challenges society will face in this new century is figuring out how to satisfy the water demands of eight billion people while at the same time protecting the aquatic ecosystems upon which our economy and life itself depend." Postel believes that "we need a multidisciplinary and cross-professional effort to systematically determine freshwater ecosystem flow requirements-the quantity, quality, and timing of flows needed for these ecosystems to sustain their critical functions." At the heart of that effort is research on biocomplexity.
Lessons from lakes: Microcosms of biocomplexity
In her plenary talk,"The Role of Scale in Understanding Biocomplexity: Lessons from Lakes," Kathryn Cottingham of Dartmouth College advised scientists to ask hard,"but answerable, questions, and do that by finding the right scale, tools, and people to answer each question."
Cottingham's studies of lakes have led her to believe that through answerable questions-Is there a unifying framework for biology? What role does the environment play in the emergence and reemergence of human diseases? How can we best manage our environmental resources?-"it may be possible to make a system appear less 'biocomplex' by judicious choice of the questions and tools chosen. The way we as humans define and measure a biological system influences how complex we perceive that system to be."
The task ahead: Saving biodiversity, studying biocomplexity
There is little scientific dispute today about the global ecological situation and the resulting need for nature conservation in its most general sense; now is a time of unprecedented, escalating, and scientifically well-documented environmental danger, said scientist Paul Ehrlich (Stanford University) in his closing plenary session talk, "Human Diversity and the Struggle to Save Biodiversity." The "accelerating loss of biodiversity-populations, species, and communities-should be a matter of great concern." For today's environmental scientists, the task is clear, said Ehrlich."In my view, this involves two major efforts by scientists. The first is recruiting more scientists into the task of improving understanding of cultural evolution. The second is to get scientists to use that knowledge to change its course. The latter involves a variety of efforts, ranging from generating the necessary concern among decisionmakers and laypersons, to dedicating portions of scientific careers to the hard sociopolitical-biological tasks necessary to preserving humanity's natural capital."
All of these, Ehrlich believes, will require accelerating change in the norms and ethics of both the biophysical and social sciences. "Some of the needed actions are already under way in the 'frontline,' more holistically oriented biological disciplines, and it is cheering to see that even the results of more reductionist science are being increasingly gainfully employed in aid of conservation." The problem of generating concern and appropriate actions, Ehrlich said, "will involve a much heavier participation in public debate than most scientists are accustomed to, but which has been shown to be possible by the success of the 'nuclear winter' efforts of the early 1980s."
We need to direct cultural evolution by "marketing"a set of environmental ethics, continued Ehrlich, "doing the necessary market research, selecting appropriate goals, and carefully monitoring the performance of the 'product.' If the marketing campaign fails, we are unlikely to be able to maintain the flow of ecosystem services upon which society depends."
Ehrlich closed with the thought that "it is highly unlikely that human beings will ever create a utopia, but collectively we could do a lot better than we're doing today." Poster sessions addressed the latest research results on subjects related to biodiversity and biocomplexity, with topics ranging from the ecology of rare vascular plants in the Russian Far East (Tatiana Boyle, Sustainable Ecosystems Institute, Portland, Oregon), to molecular profiles of eubacterial associates of Caribbean marine sponges (Jose Lopez, Harbor Branch Oceanographic Institution, Fort Pierce, Florida), to ethnobotanical uses of plants among Creoles of north-central Belize (Colin Young, University of Connecticut), to the effects of antibiotic concentrations on fiber degradation by anaerobic zoosporic fungi (Kumo Lartevi, James Madison University, Harrisonburg, Virginia).
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Town meeting focus: Teaching evolution
As part of its annual meeting, AIBS hosted a Town Meeting on "Teaching Evolution," in collaboration with the National Center for Science Education and the National Association of Biology Teachers. Recent events such as the Kansas Board of Education's decision to return the subject of evolution and natural origins to the state science standards demonstrate how important it is that biologists become involved in social issues affecting science, says AIBS President Judy Weis of Rutgers University. The Town Meeting focused on how USbased educators can meet the challenges of teaching about evolution and keep up-to-date with statewide and nationwide events affecting science education. Attendees worked on ways of building grassroots communication among educators and researchers.
The discussions will be continued: The theme of next year's annual AIBS meeting, to be held 23-25 March 2002, in Washington, DC, is evolution. ❑ Cheryl Lyn Dybas is a science journalist at the National Science Foundation.
